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(54) Conductive paste and glass circuit sulistrate 

(57) There is provided a conductive paste compris- 
ing a conductive component, a glass frit, and a vehicle, 
wherein: the glass frit comprises a main glass compo- 
nent and at least one selected from the group consisting 
of alumina (AI2O3), silica (SiOg), titania (T1O2). and zir- 
conia (ZrO^). 

The above conductive paste is capable of being 
baked at a tow temperature with sufficient coloring, and 
suitable for forming a circuit on a glass substrate, and a 
glass circuit substrate suitable for the application in a 
defogging glass for an automobile window formed 
therewith. 



CM 
< 
00 

o 

CM 

1^ 



Q. 
LU 



Primed by XercK (UtQ Business Servloss 
2.16.7/3.8 



EP0977 208A2 



Description 

BACKGROUMD OF THE IMVEMTIOM 

1. Field of the Invention 5 

[0001 ] The present invention relates to a conductive 
paste, capable of being baked at a low temperature, 
suitable, for example, for the application of forming a cir- 
cuit on a glass substrate, and a glass circuit substrate io 
suitable for the application in a defbgging glass for an 
automobile window formed therewith. 



2. Description of the Related Art 
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[0002] These days, a defogging glass for an autonx)- 
bile window for preventing fogging caused by dew con- 
densation by forming a circuit (thick film electrode) on 

the surface of a glass by applying a conducbVe paste 
and generating heat by energizing the circuit (thick film 20 
electrode) has been used. 

[0003] Recently, one having the rear surface of the cir- 
cuit (thick film electrode) colored thickly has been pre- 
ferred as the defbgging glass for an automobile window. 
[0004] Therefore, conventionally, thick coloring has 2S 
been obtained in the rear surface of the circuit (thick film 
electrode) by forming the circuit (thick film electrode) 
with a conductive paste containing a pigment such as a 
chromium (Cr) oxide. 

[0005] However, even in the case of using the above- 30 
mentioned conventional conductive paste containing a 
pigment such as a chromium (Cr) oxide, sufficient color- 
ing cannot always be obtained, and thus a conductive 
paste having a better coloring property has increasingly 
been called for. $s 
[0008] Moreover, a conductive paste having a pigment 
such as a chromium (Cr) oxide added gives rise to prob- 
lems in difficulty in proceeding sintering, and a low 
bonding strength of the circuit (thick film electrode) on 
the glass surfcice. 40 
[0007] As to the bonding strength, a method for pro- 
moting sintering by changing the sintering condition is 
conceivable, such as heightening the temperature at the 
time of sintering. However, since the glass itself com- 
prising the circuit cannot endure a high tennperature. 4s 
there is a limit in heightening the sintering temperature. 

SUMMARY OF THE PRESENT IMVEMTIOM 

[0008] To overcome the above described problems, so 
preferred embodiments of the present invention provide 
a conductive paste, capable of being baked at a low 
temperature with sufficient coloring, and suitable for 
forming a circuit on a glass substrate, and a glass circuit 
substrate suitable for the application in a defogging ss 
glass for an automobile window formed therewith. 
[0009] One preferred embodiment of the present 
Invention provides a conductive paste comprising a con- 



ductive component, a glass frit, and a vehicle, wherein: 
the glass frit comprises a main glass component and at 
least one selected from the group consisting of alumina 
(AI2O3), silica (SiOa). titania (J\0^, and zirconia (Zr02). 
[0010] Since the above described conductive paste 
uses a glass frit prepared by adding at least one 
selected from the group consisting of AI2Q3, Si02, T1O2. 
and Zr02 to a main glass component is used as the 
glass frit, color dimness can be prevented by restraining 
dispersion of Ag into a glass substrate, and thus suffi- 
cient coloring can be obtained without adding a pig- 
ment Moreover, since a pigment needs not be added, a 
baking operation can be conducted at a low tempera- 
ture efficiently 

[001 1 ] As the conductive component, a part of a metal 
component can be contained in a resinate state. 
[0012] In the above described conductive paste, the 
conductive component may comprise 

(a) Ag. or (b) that containing Ag and at least one 
selected from the group consisting of Cu, Pd and 
R, as the main substance. 

[0013] Since (a) Ag, or (b) that containing Ag and at 
least one selected from the group consisting of Cu, Pd 
and R is used as the main substance comprising the 
conductive component, a conductive paste capable of 
forming an electrode having a sufficient conductivity for 
certain can be obtained, and thus it is advantageous. 
[001 4] In the above described conductive paste, nickel 
(Ni) or copper oxide (CuO) may be added for adjusting 
the resistance. 

[0015] Since nickel (Ni) or copper oxide (CuO) is 
added for adjusting the resistance, a conductive paste 
having a desired characteristic can be obtained by 
adjusting the resistance, and thus the present invention 
can further be effective. 

[0016] In the above described conductive paste, the 
glass frit may be prepared by adding at least one 
selected from the group consisting of alumina (AI2O3) 
powders, silica (SiOa) powders, titania (Ti02) powders, 
and zirconia (ZrO^ powders to at least one selected 
from the group consisting of a Pb-containtng glass, a Bi- 
containing glass, a Zn-containing glass, and Ba-con- 
taining glass, and adjusting the average particle size 
D50 in the range from 0.5 to 2.5 {im. 
[0017] Since a glass frit prepared by adding at least 
one selected from the group consisting of AI2O3 pow- 
ders. SiOg powders, Ti02 powders, and ZrOe powders 
to at least one selected from the group consisting of a 
Pb-containing glass, a Bi-containing glass, a Zn-con- 
taining glass, and Ba-containing glass, and adjusting 
the average particle size D50 in the range from 0.5 to 
2.5 \im is used, sufficient coloring can be obtained with- 
out adding a pigment further certainly as well as a bak- 
ing operation can be conducted efficiently at a low 
temperature. 

[0018] In the above described conductive paste, pow- 
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ders with a 40 to 90 mm^/g specific surface area may be 
used for the alumina (AI2O3) powders, the titania (TiOz) 
powders, and the zirconia (Zr02} powders, powders 
with a 150 to 300 mm^/g specific surface area may be 
used for the silica (SiOa) powders, and at least one 5 
selected from the group consisting of the alumina 
(AI2O3) powders, the silica (SiOg) powders, the titania 
(TiOa) powders, and the ziroonia (ZrOa) powders may 
be added so as to have a 5 to 60% by weight content 
ratio in the glass frit. 

[001 9] Since powders with a 40 to 90 mm^/g specific 
surface area are used for the AI2O3 powders, the Ti02 
powders, and the ZrOg powders, powders with a 150 to 
300 mm^/g specific surface area are used for the Si02 
powders, and at least one selected from the group con- 
sisting of the AI2O3 powders, the Si02 powders, the 
Ti02 powders, and the Zr02 powders Is added so as to 
have a 5 to 60% by weight content ratio in the glass frit 
sufficient coloring can be obtained without adding a pig- 
ment as well as a baking operation can be conducted 
efficiently at a low temperature, and thus the present 
invention can further be effective. 
[0020] In the above described conductive past, the 
glass frit may be contained in 2.0 to 8.0% by weight 
ratio. 

[0021 ] In the case the glass frit is contained in 2.0 to 
8.0% by weight ratio, a conductive paste having stable 
characteristics concerning the sintering property, the 
bonding property, and the coloring property can be 
obtained. 

[0022] Another preferred emtxidiment of the present 
invention provides a glass circuit substrate, comprising 
a circuit on a glass substrate provided with the above 
described conductive paste. 
[0023] The above described glass circuit substrate 
obtained by forming a circuit on a glass substrate with 
the conductive paste has a good coloring property and 
the excellent bonding strength of an electrode (circuit), 
and thus a high reliability can be obtained. 
[0024] The above described glass drcidt substrate 
may be served as a delbgging glass for an automobile 
window. 

[0025] Since the glass circuit substrate obtained by 
forming a circuit on a glass substrate with the conduc- 
tive paste is used as a defbgging glass for an automo- 
bile window, a defogging glass for an automobile with a 
high quality and a high reliability can be provided with 
sufficient coloring and the excellent bonding property 
with a glass of a drcuit. 

[0026] Other features and advantages of the present 
Invention will become apparent from the following 
desaiption of the invention which refers to the accom- 
panying drawings. 



BRIEF DESCRIPTION OF DRAWINGS 
[0027] 

FIG. 1A is a graph showing the relationship 
between the glass frit addition amount and the 
bonding strength, and FIG. IB is a chart showing 
the relationship between the glass frit addition 
amount and the coloring evaluation. 
FIG. 2A Is a graph showing the relationship 
between the SI02 addKion amount to the glass frit 
and the bonding strength, and FIG. 2B is a chart 
showing the relationship between tiie Si02 addition 
amount and the coloring evaluation. 
FIG. 3A is a graph showing the relationship 
between the glass frit particle size and tiie bonding 
strength, and FIG. 3B is a chart showing tiie rela- 
tionship between the glass frit particle size and the 
coloring evaluation. 

FIG. 4A Is a graph showing the relationship 
between the specific surface area of Si02 added to 
the glass frit and the bonding strength, and FIG. 4B 
is a chart showing tiie relatfonship between the 
Si02 specific surface area and the coloring evalua- 
tion. 

FIG. 5A is a graph showing the relationship 
between tiie addition amount of tiie oxide (AI2O3. 
TIO2, and Zr02) added to the glass frit and the 
bonding strengtii. and FIG. 5B is a chart showing 
tiie relationship between ttte oxide (AI2O3. T1O2. 
and Zr02) addition anrx)unt and tiie coloring evalua- 
tion. 

FIG. 6A is a graph showing the relationship 
between the specific surface area of the oxide 
(AI2O3, Ti02. and Zr02) added to tiie glass frit and 
the bonding strength, and FIG. 6B is a chart show- 
ing the relationship between the oxide (AI2O3, TIO2, 
and Zr02) specific suriace area and tiie coloring 
evaluation. 

DEgQRIPTIQri QfW^ Pq^FERP^P PMPQD|- 
MENTS 

[0028] Glass frits were produced by tiie following pro- 
cedure. 

[0029] Glass cullets were obtained by melting glass 
materials each containing Pb, Bi. Zn and Ba at high 
temperature, followed by quenching for vitrification. 
[0030] Then, the glass cullets were coarsely pulver- 
ized until having a 5 to 10 (un average particle size wHh 
a roll crusher, a stone crusher, or tiie like. 
[0031] Glass frits were obtained by adding fine pow- 
ders of AI2O3. Si02. T1O2. and Zf02 to the coarsely pul- 
verized glass cullets. and finely pulverizing and mixing 
with a pot mill, a planetary ball mill, or the like. 
[0032] Conductive pastes were produced by mixing 1 
to 10% by weight of the glass frits, 69 to 78% by weight 
of silver (Ag) powders, 1% by weight of nfokel powders. 



IS 



20 



25 



30 



35 



40 



45 



SO 



3 



5 

1% by weight of copper oxide powders, and 19% by 
weight of an organic vehicle, and kneading and dispers* 
ing with a triple roll. 

[0033] As the organic vehicle, one prepared by dis- 
solving 8% by weight of a cellulose resin in terpineol 
was used. 

[0034] The nickel powders and the copper oxide pow- 
ders were added for adjusting the resistance value. 

[Production of samples for measuring the bonding 
strength] 

[0035] By printing the conductive pastes produced as 
mentioned above onto the surface of slide glass sub- 
strates (soda-lime glass. 260 mm x 760 mm x 1 .4 mm) 
in a 2 mm square shape, drying at 150*C for 10 min- 
utes, and baking at a 600''C for one minute (in-out: 5 
minutes) condition so as to form electrodes. 
[0036] Then, the slide glass substrates with the elec- 
trodes formed were placed on plates heated to 150''C, 
and lead terminals were soldered on the electrodes. 
[0037] As the lead terminals, an L-shaped solder cop- 
per line having a 0.6 mm diameter was used. A solder 
containing Sn-Pb-Ag was used as the soMer. and a flux 
prepared by dissolving rosin in Isopropyl alcohol was 
used as the flux. 

[Production of sarrples for measuring the coloring thick- 
ness] 

[0038] Similar to the case of the samples for measur- 
ing the bonding strength, samples for measuring the 
coloring thickness were produced by printing the con- 
ductive pastes onto the surface of slide glass substrates 
in a 10 mm diameter circle pattern, drying at 150°C for 
10 minutes, and baking at a SOO^C fbr one minute (in- 
cut: 5 minutes) condition. 

[Measurement of the bonding strength] 

[0039] With the samples for measuring the bonding 
strength produced as mentioned above, the bonding 
strength of the electrodes with the slide glass substrates 
was measured. In measuring the bonding strength, a 
lead line was pulled with a 20 mnVrnin rate in the per- 
pendicular direction with respect to the surface of the 
slide glass having the above-mentioned electrode 
formed. The strength at which the electrode was peeled 
off Is defined to be the bonding strength. 
[0040] The results are shown in FIQ. 1 A to FIG. 6A. 
Measurement of the bonding strength was conducted 
fbr each 20 samples (ns20). The average value of the 
measured values is shown in FIGS. 1 A, 2A. 3 A, 4A, 5A 
and 6A. 

[0041 ] The indication of Pb-containlng. Bl-containing, 
Zn-containing and Ba-oontaining in each line drawing 
shows the kind of the glass oonponent comprising each 
glass frit. 
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[Ranking of the coloring thickness] 

[0042] The coloring thickness of each sample was 
ranked by the visual observation of the samples pre- 

5 pared by printing the conductive pastes In a 10 mm 
diameter circle pattern and baking for forming the elec- 
trodes, and the comparison with standard samples. 
[0043] Concretely, standard samples (JIS Z 8729) in 3 
grades were produced, and numbered as No. 1, No. 2, 

10 and No. 3 from the thicker one as shown in Table 1 . By 
visually observing each sample, the coloring thickness 
was evaluated by putting © for one obtained a coloring 
thickness of No. 1 or more, O one obtained a color- 
ing thickness of No. 2 or more, a fbr one obtained a 

15 coloring thickness of No. 3 or more, and ? fbr one 
obtained a cotoring thickness thinner than No. 3. 



[Table 1] 





No. 


*L 


*U 


*V 


Thicker 
T 

Thinner 


1 


21.84 


32.70 


24.50 




2 


28.67 


43.67 


33.48 




3 


38.50 


50.22 


45.67 



*L: psychonnetric lightness 

*U: psychometric chroma coordinate 

*V: psychometric chroma coordinate 



[0044] The results thereof (coloring evaluation) are 
also shown in FIGS. IB, 2B, 3B. 4B, 5B and 6B. In the 
column (table) of these drawings, the positk)n of each 
frame con-esponds with the horizontal axis (showing the 
component addition amount, the specific surface area, 
or the like) of each tine drawing of FIG. 1 A to FIG. 6A 
showing the bonding strength for facilitating the under- 
standing. For example, the second column from the left 
in FIG. 1 B conresponds with the 2% by weight glass frit 
addition amount In FIG. 1 A, and the right end column in 
FIG. IB con-esponds with the 10% by weight glass frit 
addition amount in FIG. 1 A. 

[0045] The indication of Pb-oontaining. Bi-oontaining, 
Zn-containing, and Ba-contalning In the column of the 
coloring evaluation shows the kind of the glass compo- 
nent comprising each glass frit. 

so [Evaluation of the bonding strength and the coloring 
thickness] 

[0046] Evaluation of the bonding strength and the 
coloring thickness will be explained with reference to 
55 FIG. 1 to FIG. 6. 

[0047] FIG. 1 shows the relationship between the 
glass frit addition amount, and the bonding strength and 
colwing in the case the addition amount of the glass 
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frits is changed, using glass frits not containing AI2O3, 
Si02, TiOg. and ZrOa. 

[0048] As shown in FIQ. 1 . with a less than 2.0% by 
weight glass frit addition amount, the bonding strength 
of the electrode is insufficient in each glass. s 
[0049] Moreover, with a more than 8.0% by weight 
glass frit addition amount, it was difficult to solder a lead 
line for measuring the bonding strength. 
[0050] Therefore, the glass frit addition amount is pref- 
erably in the range from 2.0 to 8.0% by weight. Since 
the most stable characteristic can be obtained by having 
the glass frit addition amount in the range from 4.0 to 
6.0% by weight, and thus it is preferable. 
[0051 ] Further, concerning coloring, tendency of diffi- 
culty In ot>talning sufficlerrt coloring with a small glass 
frit addition amount and availability of good coloring with 
a large glass frit addition amount was found, but the 
results show that It Is difficult to obtain good evaluation 
in both bonding strength and coloring because AlgOs, 
Si02. Ti02, and ZrOg are not added. 
[0052] FIG. 2 shows the relationship between the 
Si02 addition amount, and the bonding strength and 
coloring In the case of further adding SIO2 to the glass 
components comprising the glass frits. 
[0053] The addition amount of the glass frits with 
respect to the conductive pastes was fixed to be 4.0% 
by weight. 

[0054] As shown in FIQ. 2, it Is observed that in the 
case SiOz is added in the range up to 60% by weight 
content ratio In the glass frit, a necessary bonding 
strength can be obtained, but the bonding strength is 
drastically declined if it exceeds 60% by weight. This is 
because the electrodes can hardly be baked with a too 
much Si02 addition amount. 
[0055] Moreover, concerning the coloring evaluation, 
it is observed that the effect is achieved from more than 
5% by weight Si02 addition amount, and thicker color- 
ing can be obtained with a larger SIO2 addition amount. 
[0056] The bonding strength and the coloring can be 
obtained most stably in the 15 to 45% by weight Si02 
addition amount range. 

[0057] FIG. 3 shows the relationship between the 
glass frit particle size, and the bonding strength and 
coloring in the case the particle size of the glass frits is 
changed, using glass frits not containing AI2O3. Si02. 
T1O2. and Zr02. 

[0058] The addition amount of the glass frits with 
respect to the conductive pastes was fixed to be 4.0% 
by weight. 

[0059] As shown in FIG. 3, It is observed that the 
bonding strength tends to decline with a larger glass frit 
particle size, and with a more than 2.5 ^m particle size, 
the strength Is declined to 15N or less. 
[OOSO] Concerning coloring, influence of the glass frit 
particle size was not found. 

[00S1 ] FIG. 4 shows the relationship between the spe- 
cific surface area of Si02 added to the glass compo- 
nents comprising the glass frits, and the bonding 



strength and coloring. 

[0062] The addition amount of Si02 with respect to the 
glass frits was fixed to be 45% by weight, and the addi- 
tion amount of the glass frits with respect to the conduc- 
tive pastes was fixed to be 4.0% by weight. 
[0063] As shown In FIG. 4, with a larger specifte sur- 
face area of the added Si02. the bonding strength is 
increased and the coloring property Is improved. 
[0064] Moreover, it was obsen^ed that the bonding 
strength is drastically declined with a less than 150 
mm^/g specific suriace area. 
[0065] Although the SiOo specific surface area was 
evaluated only to 300 mnr/g, it is considered that a 
good result can be obtained with a larger specific sur- 
face area. 

[0066] FIG. 5 shows the relationship between the 
oxide addition amount, and the bonding strength and 
coloring In the case oxkJes (AI2O3, T1O2. and ZrOs) are 
further added to the glass conponents comprising the 
glass frits. 

[0067] The addition amount of the glass frits with 
respect to the conductive pastes was fixed to be 4.0% 
by weight. 

[0068] As shown in FIG. 5. In the case AI2O3, T1O2. 
and Zr02 are added in the range up to 60% by weight 
content ratio In the glass frit, a necessary bonding 
strength can be obtained, but the bonding strength is 
drastically declined If it exceeds 60% by weight. This is 
because the electrodes can hardly be baked with a too 
much oxide (AI2O3. Ti02. and Zr02) addition amount. 
[0069] Moreover, concerning the coloring evaluation, 
it is observed that the effect is achieved from more than 
5% by weight oxide (AI2O3. TIO2. and Zr02} addition 
amount, and thicker coloring can be obtained with a 
larger oxide addition amount. 
[0070] The bonding strength and the coloring can be 
obtained most stably In the 15 to 4S% by weight oxide 
(AI2O3. Ti02. and Zr02) addition amount range. 
[0071 ] FIG. 6 shows the relationship between the spe- 
dfk; suriace area of the oxide (Al20^, Ti02. and Zr02) 
added to the glass conponents comprising the glass 
frits, and the bonding strength and coloring. 
[0072] Tiie addition amount of the oxide (AI2O3. T1O2, 
and Zr02) with respect to the glass frits was fixed to be 
45% by weight, and the addition amount of the glass 
frits with reject to the conductive pastes was fixed to 
be 4.0% by weight 

[0073] As shown In FIG. 6, with a larger specific sur- 
face area of the added oxide (AI2O3. Ti02. and ZrOa). 
the bonding strength is increased and the coloring prop- 
erty is Improved. 

[0074] Moreover, the bonding strength is declined as 
well as coloring tends to be thinner with a less than 40 
mm^/g specific surface area. 
[0075] Although the case of using silver powders as 
the conductive conponent has been explained in the 
above-mentioned embodiments, metal powders com- 
prising Ag and at least one selected from the group oon- 
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sisting of Cu. Pd. and R can also be used as the 
conductive component. Further, other sut)stances can 
be contained as the conductive component. 
[0076] Moreover, although the case including nickel 
powders and copper oxide powders for adjusting the s 
resistance value has been explained in the atx>ve-men- 
tioned embodiments, in some cases, the nickel powders 
and the copper oxide powders need not be added. 
[0077] Furthermore, by forming a circuit on a glass 
substrate, using the conductive paste according to the io 
present invention, a defogging glass for an automobile 
having a large electrode bonding strength and a suffi- 
cient coloring thickness can be obtained. Since tiie pro- 6. 
duction method and the concrete configuration of a 
defogging glass for an automobile are not different from is 
conventional ones, explanation thereof is omitted. 
[0078] While the invention has been particularly 7. 
shown and described with reference to preferred 
embodiments thereof, it will be understood by tiiose 
skilled in tiie art that tiie forgoing and other changes in 20 
form and details may be made therein without departing 8. 
from the spirit of the invention. 

Clalnfis 

25 

1. A conductive paste comprising a conductive conn- 
ponent. a glass frit, and a vehicle, wherein: 

the glass frit comprises a main glass compo- 
nent and at least one selected from tiie group 30 
consisting of alumina (AI2O3). silica (SiOs), tita- 
nia (Ti02), and zirconia (ZrOg). 

2. The conductive paste according to claim 1 , wherein 
the conductive component comprises ss 

(a) Ag. or 

(b) that containing Ag and at least one selected 
from the group consisting of Cu, Pd and Pt 

40 

as the main substance. 

3. The conductive paste according to claim 1 or 2. 
wherein nickel (Ni) or copper oxide (CuO) is added 

for adjusting the resistance. 4S 

4. The conductive paste according to one of claims 1 
to 3. wherein the glass frrt is prepared by adding at 
least one selected from the group consisting of alu- 
mina (AI2Q3) powders, silica (Si02) powders, titania so 
(T1O2) powders, and ziroonia (Zr02) powders to at 
least one selected from the group consisting of a 
Pb-containing glass, a Bi-containing glass, a Zn- 
containing glass, and Ba-contalning glass, and 
adjusting the average particle size D50 In the range ss 
from 0.5 to 2.5 ^m. 

5. The conductive paste according to one of claims 1 



to 4. wherein powders with a 40 to 90 mm^/g spe- 
cif ic surface area are used for ttie alumina (AI2O3) 
powders, the titania (TiOg) powders, and tiie zirco- 
nia (Zr02) powders, powders with a 150 to 300 
mm^/g specific surface area are used for the silica 
(SIO2) powders, and at least one selected from the 
group consisting of tiie alumina (AI2O3) powders, 
tiie silica (Si02) powders, tiie titania (Ti02) pow- 
ders, and the zirconia CZrOa) powders is added so 
as to have a 5 to 60% by weight content ratio in tiie 
glass frit. 

The conductive paste according to one of claims 1 
to 5. wherein the glass frit is contained in 2.0 to 
8.0% by weight ratio. 

A glass circuit substrate, comprising a circuit on a 
glass substrate provided with the conductive paste 
according to one of claims 1 to 6. 

The glass circuit substrate according to claim 7, 
wherein the glass circuit substrate is a defogging 
glass for an automobile window. 
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